This paper studies the Renminbi (RMB) spot exchange rates against USD to test whether the interaction between the onshore and offshore markets is stable. The Granger Causality test and the BEKK-GARCH model are adopted for five sub-periods, and the results show that the spillover effect in mean and volatility differs in different periods. Our results show that hourly data analysis is a better method detecting the subtle changes of the spot exchange rates between the CNY and the CNH markets. There are bidirectional Granger causalities between the CNY and the CNH spot exchange rates in both the entire period and the five sub-periods. When the market volatility is high, the impacts become unidirectional by the onshore intervention. The exchange rate of CNH renders a stronger leading role within the opening year of the offshore market, and then the CNY ones take the guiding role for a long time. The bidirectional interactions between CNY and CNH spot exchange rate reveal the information superiority of Chinese government by edging the CNY market over the offshore one, at the same time, readjusting the exchange rate of the CNY based on the CNH changes in exchange rates in line with market expectations.
Introduction
Since the global financial crisis in 2008, there has been an urgent need for China to have the RMB internationalized for its economic integration into the global The internationalization of the RMB means the use of currency beyond the jurisdiction of China and allows nonresidents to hold the RMB extensively overseas as a currency for routine payments, settlements, investments, and reserves. For seven years as a trade settlement currency, the offshore RMB-denominated trade settlement business grew steadily in the international market, the range of holding and using RMB, also expanded, an indication that the Hong Kong offshore market played an important role. As the premier offshore RMB business 1 As Bowles and Wang [19] noted, "RMB internationalization measures have been introduced as responses to crises-first the Asian financial crisis, then the global financial crisis." Their conclusion is that instead of the "Grand Design" of becoming the world's dominant currency, the internationalization of the RMB has arisen as a policy response to crises, it is only a journey to normalization. [3] , which were compiled by International Monetary Institute at Renmin University. Note: The value range of RII is 0 -100. The bigger the numerical value is, the higher is the degree of the RMB internationalization.
center, the Hong Kong RMB offshore market 2 Table 1 ). In fact, there has formed a two-tier exchange rate system for the RMB markets, indicating possible interactions between the onshore and the offshore. Since the offshore is free from the PBOC's control, "Unexpected exchange rate fluctuations and exchange rate exposure risks, have been a major source of uncertainty to multinational corporations around the world (Chen, Lee, Lee & Huang, [4] )." Therefore, it is necessary to reveal these interactions and evidence of spillovers between spot exchange rates on the CNY and CNH markets. The differences between the CNY market and CNH market are exposed in [7] sample data covers more than three years, which is from October 1, 2011 to January 2, 2014. Second, the paper chooses hourly data of RMB transactions to research the exchange rates between CNY and CNH markets, which can more promptly describe the interactions between the RMB onshore and offshore markets. Most of previous studies employ the closing price as sample data to explore the interactions of spot exchange rates between CNH and CNY. In fact, the CNY market closes earlier than that of CNH and, as efficient markets respond instantly to new information, this will surely leave space for changes in the latter. Therefore, if the daily closing price is used as the research data, it is hard to detect the prompt changing relationships between the two markets. Thirdly, the whole sample is split into five sub-periods according to external stimulus and policy. The paper analyzes each sub-period to discover whether the relationship between the CNH and CNY exchange rates changes or not at different times.
The remaining sections are arranged as follows. The second section introduces our hypothesis about the interaction between the two markets. The third section introduces the data and variables in our analysis, and an econometric analysis is given in Section 4. Section 5 concludes.
Hypothesis
We focus on interaction of spot exchange rates between the CNY and CNH markets, excluding the forward exchange rate and NDF (Non-Deliverable Forwards). If we take the forward exchange rate or NDF into consideration on base of spot exchange rate, then we have to consider the changes in interest rates affecting the interaction, which makes the problem more complicated.
As one of the China's national strategies, the establishment and development of the RMB offshore are the embodiments of the process to the RMB internationalization. It is different from foreign countries in which the emergence of the offshore markets overseas is spontaneous, e.g. Japan, the United States and the U.K. Direct trading can be done between the onshore and offshore markets with no regulation. Therefore, the exchange rates between the offshore and onshore markets are completely interactive and almost equal. The reasons for the RMB offshore to be different are as follows. First, the offshore market is promoted by
China government and not market-oriented. Second, the capital account in China has not achieved free convertibility. Thirdly, the financial management system is still very imperfect. In this way, there are two quite different RMB exchange rate formation mechanisms in the foreign exchange rate markets. The onshore exchange rate formation mechanism is manipulated by the PBOC, and the offshore RMB exchange rate formation mechanism is determined by the market demand and supply. Moreover, the direct trading is forbidden between CNH and CNY markets due to the regulation of cross-border capital transactions. But, restrained by the different exchange rate systems and affected by the participants with different trading motivations, there is a certain price gap between the exchange rates of the two markets, possibility of arbitrage will arise for the store of value, especially when under certain circumstances (cross-border RMB trade settlement), indirect transactions can be made between the two markets, which may also lead to arbitrage. For example, between a parent company in China and its branch company in HK, investors may practice arbitrage transactions by false invoice, though very slim, the offshore takes its shape related to the CNY exchange rate (Sato, [11] ). At the same time, the foreign exchange settlement derived from export payment via the commercial or bank agents will also generate revenue from the exchange rate spread. Just as Li [12] points out, "After the promotion of the RMB cross-border trade settlement, the long-expected RMB appreciation overseas causes a higher RMB exchange rate against USD in the offshore market, which will greatly increase the space for enterprises to arbitrage bilaterally." Thus, the existing arbitrage surely causes interactions between CNH and CNY.
Even though there is no arbitrage, the CNH and CNY exchange rates are still mutually interactive, giving rise to bidirectional Granger casualty, as pointed by Murase [13] . Since the CNH exchange rate reflects RMB's market changing trend, the CNY exchange rate may follow that trend, and vice versa. The CNY price mirrors most information about RMB value variations, the price shocks brought by the various information flow will be first reflected in the CNY price, and then transmitted onto the price of CNH (Wu, [14] ).
Thereby, we propose the first hypothesis: there exists Granger Casualty between the CNH and CNY exchange rates mutually.
As a managed floating exchange rate system, the RMB exchange rate of the CNY market is only allowed to change within the Trading Band according to the daily reference rate set by the PBOC. In other words, the CNY exchange rate is fixed daily by the PBOC, which better reflects the exchange rate policy of the authority, indicating its local advantages compared with the CNH exchange rate.
Therefore, the information is first transmitted from the CNY market to the CNH market. Despite its rapid development, the offshore market is still smaller than its onshore counterpart, for the transaction volume of the onshore spot market is bigger than that of offshore. Hence, the exchange rate of the CNY market has the initiative to price the RMB, playing a guiding role to the CNH exchange rate (Wu, & Pei, [15] ). Leung and Fu [10] also concluded by their empirical analysis that the CNY exchange rate plays a leading role in the volatility transmission between the two markets because of the recent relaxation of capital control measures and other regulations, which shows the dominant role of the onshore authority in the interactions by monetary policies. Despite the mutual causality between the two markets, the CNY exchange rate plays a leading role.
Thereby hypothesis 2 is proposed: compared with the CNH, the CNY exchange rate is more influential, playing a leading role in the RMB's information transmission.
Data
Most of the existing relevant studies choose the closing price to study the exchange rate interactions between the onshore and offshore markets. One weakness of daily price is that the onshore market closes earlier than the offshore. At first, there is a 30-minute difference, then, with the CNH trading hours being extended, the difference expands to 7 hours, and to 12 and a half hours from October 1, 2014 (see Table 1 , Note 3). The exchange rate of the offshore market can also be influenced by the closing price of the CNY market. If we analyze using the closing time data, there will be a deviation in the empirical result. Therefore, taking the difference in closing time into account, this paper starts with the hourly data, selecting 7-hour points of CNY and CNH exchange rates of simultaneous transactions at 10:00, 11:00, 12:00, 13:00, 14:00, 15:00, and 16:00 from January 3, 2011 to August 10, 2015, as well as the closing price for data analysis in comparison. In doing this, it is hoped that we can obtain more sensitive and accurate interconnects between the two markets. The data source is Bloomberg.
This paper splits the whole period into five sub-periods by the influence of external stimulus and policy variation (Figure 2 ). the CNY rapidly exceeded 1%, and then remained above 1% after December 2014. Meanwhile, the expansion of the volatility is bound to affect the correlation between the two markets. We can see from Figure 2 and Figure 3 , in period B, there is a sharp wave on the CNH market, the maximum of spread between CNH and CNY exceeded 0.12. Therefore, this paper takes the first step to do the period partition according to the CNY trading band limitation, and then takes out the period affected by the Italy's sovereign debt rating downgraded as a separate period, in which there is greater change for the CNH exchange rate ( Figure   2 ). Table 2 lists the descriptive statistics of the CNH and CNY hourly data.
Empirical Analysis
To test the stationary time series used in the analysis, the paper employs the Augmented Dicky-Fuller (ADF) unit root test to analyze the stability of the exchange rate of the CNH and CNY markets. The optimal lag is selected by the AIC. Table 3 lists the results of the unit root test. All the results of the unit root test for the whole period and each sub-period show that, the test for all the level variables accepts the hypothesis and the first differenced variables accept the hypothesis. So, both the CNH and CNY exchange rates have one unit root. This paper adopts change rate (the differenced series of the logarithm) for the following econometric models.
By means of the two methods, we can analyze whether the two markets are interactive, as well as the directions and dimensions of the information transmission between them. In this way, we hope to get a better whole view about the interactions between the spot exchange rates of the CNH and CNY markets.
Spillover in Returns
The spillover effect is studied in both the return (or mean equation) and volatility (or variance equation) respects. We first employ the Granger causality test to Z. J. Wang, Q. Y. Wang verify the causalities of both the entire period and the sub-periods between the CNH and CNY exchange rates. The results are manifested in Table 4 via the Granger casualty test: Over the entire period, there exists bidirectional causality between the two markets and, it is also evident in the sub-periods A, D, and E. Thus, hypothesis 1 is tenable, meaning the two markets are interactive.
The fundamental reason for the result is that the exchange rate of the CNH reflects not only the changing trend of the RMB, but also the local superiority of Z. J. Wang, Q. Y. Wang But there exists unidirectional causality in the B and C sub-periods from the CNH to the CNY exchange rate, with no converse causality. This means that Hypothesis 1 is untenable in these two sub-periods. In order to find out reasons for the unidirectional causality during the B and C sub-periods, the average volatility has been calculated between the CNH and CNY change rate during each sub-period. We can see that the average volatility of the exchange rate concerning rate of change during the A, D, E sub-periods is about 0.0004, while the average spillover during the B and C sub-periods is relatively larger, at an exchange rate of 0.00202 and 0.0006 on the CNH market, while that on the CNY is 0.0008 and 0.0006. The volatility of the two markets is relatively greater during the sub-periods B and C. By the results of the Granger causality test, we can see that,
when there is greater volatility on the markets, there is only unidirectional
Granger causality from CNH to CNY.
The reason is that the CNY market has a closed nature with a managed floating exchange rate system, which limits the trading band, and implies the PBOC will intervene in the onshore market according to the market situation. Therefore, the CNH exchange rate may suggest higher volatility than that of the CNY, which is shown more obviously when there is greater market fluctuation. Due to the intervention of the People's Bank of China, the changes of the CNY exchange rate are suppressed when necessary. With the anticipation of the whole trend of the RMB exchange rate, the offshore participants' demand for selling RMB is still great, therefore investors in the offshore market will ignore the intervened changes of the CNY exchange rate, CNY's influence over CNH in this case seems to disappear. On the other hand, the offshore market more closely reflects the RMB future trend, even if the CNY exchange rate is intervened upon, the exchange rate of the CNH will still exert influence over that of the CNH.
Volatility Spillover Effect
In order to investigate the information transmission direction between the two markets, we adopt the multiple GARCH model (BEKK-GARCH model) proposed by Engle and Kroner [16] 
where t y refers to the return rate of exchange rates in the onshore and offshore markets. The subscript 1 is the CNH exchange rate, and the subscript 2 is the CNY exchange rate. θ refers to the influence the CNH exchange rate (CNY exchange rate) volatility in 1 t − phase has on the volatility of the CNY exchange (CNH exchange rate) rate in the phase of t. t ε is the residual term of the mean equation, under the information set before 1 phase, obeying the mean value of 0 variance which is the normal distribution of t H .
The variance equation is specified as
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C is a lower triangular matrix. A is a 2 2 × matrix, referring to the coefficient of ARCH term which represents the degree of influence from the random disturbances with past value of the return rate series over the current conditional variance. While the diagonal parameter is used to measure the early impact of the single market on the current volatility, the non-diagonal parameter is used to evaluate the shock spillover effect between the two markets. B is a 2 2 × matrix, referring to GARCH term coefficient which represents the degree of influence from the predictive conditional variance with past value of the return rate series over the current conditional variance. The diagonal parameter is used to evaluate the continuity of volatility persistence of the single market; while the non-diagonal parameter is used to designate the volatility spillover between the two markets.
The non-diagonal parameter is employed to verify the spillover between the two markets, and the four variables are drawn as follows. 12 a is the shock spillover effect from the CNH market to the CNY market. 21 a is the shock spillover effect from the CNY market to the CHH market. 12 b is the volatility spillover effect from the CNH market to the CNY market. 21 b is the volatility spillover effect from the CNY market to the CNH market. Table 5 shows that in the periods of C, D and over the entire period, positive effects of bidirectional shock spillover appear between the exchange rates of the CNH and CNY. In the periods of C and D, the shock spillover effects of exchange rate from CNH to CNY are higher than that from CNY to CNH, while, the result of the entire period is just the opposite.
The calculation results of the conditional variance equation show that, in period A, when the exchange rate of CNH's conditional standard deviation increase by 1%, the exchange rate of CNY's conditional standard deviation will increase by 0.3504% in the next period, which is the maximum value in Table 5 .
Thus, there is unidirectional volatility spillover of significant numerical value from the CNH exchange rate to that of the CNY. Therefore, hypothesis 2 is untenable. That is because, period A covers from January 3, 2011 to September 20, 2011, within a year after the CNH was open. Since the exchange rate of the CNH depends on market demand and supply, it plays a stronger leading role in information transmission in that year. As we know, RMB cannot be traded freely on the onshore market, so the appearance of a free trading offshore RMB market not only meets the needs of foreign investors in RMB, but also convinces the market participants of the Chinese Government's determination on RMB internationalization. The changes of the offshore market's spot exchange rates fully express the international expectations of the RMB's future trend, which is the reason why its stronger volatility spillover directs that of the CHY in the first year after its opening and pushes for the currency's appreciation.
Meanwhile, the exchange rates of the CNY in periods C, D and during the whole period show unidirectional volatility spillover effects to that of the CNH of 0.0074, 0.0247, and 0.0769 respectively. Compared with period A, the volatility spillover effects are relatively smaller, but with longer duration. Results show, Note: **, *** means the significance at the level of 5% and 1% respectively.
in periods C and D and the whole period, the CNY market plays a stronger leading role. Hypothesis 2 is tenable.
The novelty gradually wore off after the opening year and, the offshore market tends to be stable. As a managed floating exchange rate system, the exchange rates of the CNY market change over the upper and lower bands of the daily central parity rate set by the China Foreign Exchange Trading Center at 9:15, whereas publishing the central parity rate is equivalent to RMB pricing set daily by the PBOC, which manipulates price changes of the onshore RMB market. At the same time, the onshore RMB enjoys more local information superiority, which guarantees the onshore market with a transaction volume of 1.5 times as much as that of the offshore market 6 in spot exchange rates, allowing the CNY exchange rate to play a dominant role in RMB exchange rate marketization over a long period.
Conclusions and Suggestions
The internationalized RMB has entered major countries worldwide. The Daily Mail reported "China leapfrogs the U.S. to become the world's largest trading nation with £2.45 trillion in imports and exports" [17] . The changes between the exchange rate of CNY and that of CNH reflect not only the interactions of the two markets, but also the international financial shock. Since the hourly data analysis can remove the effects caused by the different closing time of the two markets, compared with the previous studies, this paper draws different conclusions as follows:
First, the result shows that there is a bidirectional Granger causality between CNY exchange rates and the CNH ones. When the volatility is high, the impacts of the exchange rate from CNY to that of CNH disappear with the onshore intervention.
Secondly, there is a bidirectional Granger causality between the exchange rates of the CNY and CNH markets that is not detected by closing time analysis.
Looking at the volatility result, within the opening year of the offshore market, we see the exchange rate of the CNH takes a stronger leading role. After that, the market participants gradually calm down from the fervent demand for CNH market and return to normal; the CNY exchange rates guide the RMB exchange 6 Calculated by data from Funke et al. [22] . The time point is Q4, 2013.
rates for a long time.
Thirdly, based upon the above conclusions, hourly data analysis is a better method for detecting the subtle changes of the spot exchange rates between the onshore and the offshore markets, especially the latter, which signify more implications of the global market information. The fact of the bidirectional interactions between the CNY and CNH spot exchange rate gives the Chinese government information superiority 7 by edging the CNY market over the offshore one, at the same time, readjusting the exchange rate of the CNY based on the changes in exchange rates of the CNH in line with market expectations.
The RMB internationalization is generally embodied by three aspects: as a global trade settlement currency, as a global investment currency and as a global reserve currency. In terms of China's economic growth rate, the RMB is far from matching these steps. While China has become the globe's second largest economy, the RMB's status only ranks the fourth international currency. Though the RMB-denominated trades grew significantly from 11% of China's foreign trade in 2012 up to 29.3% in 2015, more than 75% proportion of trade was settled in U.S. dollars. It is clearly why China is determined to internationalize the RMB.
Because of the capital control, China has partially realized RMB internationalization. With less than 1/3 RMB denominated trades and the very limited "dim-sum" bands being issued, RMB as a global reserve currency remains unlikely to be seen. In fact, pushing RMB internationalization is integrated with the development of the offshore markets. The capital control and the financial liberalization go in inverse proportion, the more control, the less liberalization, but, of course with less risks. Conversely, internationalization asks for more relaxation on regulation, more relaxation means, more internationalization, but certainly, with more risks. So, it is said that RMB internationalization is a double-edged sword, just as Huang and Lynch [18] points out: "While internationalization carries long-term benefits such as heightened prestige and influence, greater say in the international system, and improved trade efficiency, there are also increased risks-namely, more volatility, increased exposure to external shocks, and potential loss of control over domestic monetary policy."
Developments in the offshore markets are demonstrations of the RMB's in-
ternationalization. Yet, how to promote RMB internationalization on the base of more open offshore markets is subject to reforms in the financial system, fiscal policies and the liberalization of capital accounts. Fundamentally, the RMB internationalization aims at domestic reforms in financial system, which will only be done by sacrificing the internal stability of China's financial markets. Therefore, the liberalization of exchange rate is impossible in the short term, for the guiding role of the offshore exchange rates has revealed risks of international volatility. Consequently, relaxation of the regulation means greater risks, as de-7 As Liu [21] points out, "China's FX market, however, is in an odd position where CNY market has relatively richer liquidity but not enough volatility, whereas CNH market is dominated by excessive volatility due to the lack of liquidity. The integration of onshore and offshore market remains a long way ahead, even after the eventful year of 2014". 2) Consolidating risk managements in case of bigger exchange rate fluctuation. With more flexible exchange rates, the financial institutions, import and export enterprises are under more exchange rate risks. Therefore, the government and related enterprises have to improve their ability to hedge foreign exchange risk with more efforts put into risk management.
3) Continuously monitoring while relaxing capital controls. When there are external shocks, the RMB offshore exchange rate will inevitably affect the onshore one, and further endanger the security of the domestic financial market.
Accordingly, it is strongly suggested that the government should be scrupulous in promoting the consistent monitoring of capital account liberalization, for it may increase risks of RMB outflows. The failure of the Western liberalized financial order is a good lesson.
4) Improving the domestic financial system and promoting financial reform.
The realization of floating exchange rate regime is the precondition of the RMB's internationalization, meaning complete capital liberalization. But the prerequisite for all these is the improvement and reform of the domestic financial system, which calls for the liberalization of both exchange rates and capital, and inevitably, opens the system to international shocks.
